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INTRODUCTION
We consider the three dimensional Vlasov-Poisson System (VPS). In this system, the function f (t, x, v) > 0 represents the microscopic density of particles located at the position x E 1R3, with velocity v E f~3, at the time t E R, evolving in the self-consistent (repulsive or attractive) Coulomb potential it creates. The system reads, Here, p(t, x) represents the macroscopic density of particles located at . the point x and at the time t, E(t, x) is the self-consistent Coulombic or Newtonian force-field created by p, and the sign -corresponds to a gravitational interaction (astrophysics), whereas + describes an electrostatic interaction (semi-conductor devices). In fact, we will not distinguish between the repulsive and attractive cases in the sequel.
On the other hand, the Free-Transport equation is closely related to the VPS. It describes the free evolution of a particle-system with no interactions, and reads, This equation has the (unique) solution f (t, x, v) = vt, v) and generates the macroscopic density pO(t, x) = vt, v) dv. From a 'semi-group' point of view, (1.2) gives the Co group associated with (1.1), which is easily seen to be unitary in the spaces x (1 p oo).
Our main results concerning the VPS are the following : . This result, which we call propagation of space moments (of high order), is obvious on the Free-Transport equation above (even with c = 0), and we show in fact that the nonlinearity in the VPS 'preserves' this property. We emphasize the fact that the solutions we build here have infinite kinetic energy.
(ii) The point (i) above leads to the restriction m > 3 and the case of the low moments remains. We (iii) The first point allows to develop a theory of solutions to (1.1) with infinite kinetic energy, and we state here various results in this direction.
The idea is that a priori estimates (regularizing effects) on the force field E(t, x) can be obtained as soon as the initial data has one additional moment (Theorem 2.1). In this sense, the initial kinetic energy f X,v is one particular moment, which does not need being finite. This kind of regularizing effect is well-known at the quantum level (See below). We also state decay estimates for the Repulsive VP System.
Global weak solutions to (1.1) were built in [11] ] under the natural assumptions f ° E f ° oo (See also [1] , [2] , [13] ).
Also, global renormalized solutions were built in [7] for initial datas [22] for a review paper on these methods). On the other hand, smooth solutions were also built by [16] for initial datas n having velocity moments of order higher than three, and they proved that these moments are propagated through time evolution.
All the above mentioned papers treat the case of solutions having finite kinetic energy oo Ct-1/2 as t tends to 0 (See [19] for more details). The present paper is a natural continuation of the works by [16] [19] for the case of the second space moment (the problem is much simpler in this case since we already have a conservation law).
Our method shows also how to propagate the low velocity moments which were not considered in [16] (point (ii) above).
Finally, the point (iii) above (Theorem 2.1 below) generalizes regularizing effects obtained in [5] and [19] . In We would like to give another strong motivation for this work: the propagation of x-moments at the quantum level has been studied widely in the literature (See [6] and the references therein). But [4] , [15] , [19] (2) is proved in [16] , and (3) can be found in [5] . Now the point (4) is analogous to the proof of (2) in [16] . Indeed [12] and [3] . We adapt them in the classical' context. We first prove the point (1) . Let [ 19] that ( 1 ) implies (2) (See also Section 6), so that we only prove (1) . We (4.4) and (3.5) for all t E [tk; T~. Gronwall's Lemma gives the result..
CONCLUSION : PROPAGATION OF HIGH SPACE-MOMENTS
We now prove the main theorem of this paper, and show how to relax the additional assumption E ( t, x ) E Lx~ 2 ) made in Theorem 4.1. [16] . Let [16] . Thus, we write as in [ 19] (6.5) .
